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57] ABSTRACT

Method to control the power supply for electric arc furnaces,
whether they be fed with AC or DC, the furnaces including
a melting cycle which includes the loading of the scrap
carried out at time T, an 1nitial step of pre-melting the scrap
with low and average power with a duration of (T,-T,), a
step of melting at maximum power with a duration of
(T,-T,) and a refining step with a duration of (T5-T,), the
method including the dynamic identification of the approxi-
mate moment when situations of risk inside the furnace
cease, with a consequent permission to start delivery of
maximum power, the dynamic 1dentification being governed
by the control and analysis of the electrical quantities,
tension and current, fed to the furnace.

9 Claims, 3 Drawing Sheets
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METHOD TO CONTROL THE POWER
SUPPLY FOR ELECTRIC ARC FURNACES

FIELD OF APPLICATION

This invention concerns a method to control the power
supply for electric arc furnaces.

The 1nvention 1s applied in the field of steel working, to
regulate and control the supply of power 1n electric arc
furnaces, particularly at the start of the melting cycle, in
order to reduce the overall times of the cycle and to make
savings 1n the total power supplied.

STATE OF THE ART

It 1s well-known that 1n electric arc furnaces to melt metal,
at the beginning of the melting cycle, that 1s immediately
after the scrap has been loaded into the furnace, the value of
the electric power supplied through the electrodes 1s always
less than the maximum available power.

This 1s because, given the consistency of the load of scrap,
there 1s a great danger that there might be a short circuit
between the electrodes and that the electric arc might be
unstable.

Moreover, when there 1s a considerable amount of power
available, the electrodes themselves can be subject to great
mechanical stresses which can also cause the electrodes to
break or at least be damaged.

Furthermore, there 1s a risk that due to radiance the arc
may hit the lateral cooling panels of the furnace, breaking or
damaging them.

At present, power 1s 1nitially made available at a reduced
value 1n order to reduce the aforesaid risks; the power 1s then
increased, after a certain period of time, until 1t reaches the
maximum available value which 1s compatible with the
melting equipment and the requirements of the cycle.

This interval 1s normally defined according to operating
experience and the increase 1n power delivered to the
furnace takes place after a period which can guarantee
adequate safety conditions which will overcome the afore-
said risks of short circuits and of dangerous stresses for the
electrodes.

This interval of time, which 1s defined 1n advance, 1s fixed
in such a way as to guarantee such safety conditions even in
the most unfavourable and dangerous situations, and 1is
therefore, 1n the majority of cases, excessive and too long for
real and specific requirements.

For this reason, 1n all those cases where the delay times
are longer than necessary before delivery of maximum
power begins, the melting cycle 1s needlessly prolonged; this
obviously lengthens the times of the cycle and also causes
€XCesSIve power consumption.

The article by Timm K. et al “Rechnergestuzte Prozess-
beobachtung . . . 7 taken from ELEKTROWAERME
INTERNATIONAL, EDITION B, February 1987, vol. 45,
n°. 1, pages 29-36, describes a method to control the feed of
an clectric furnace whereimn an analysis 1s made of the
development of the spectrum of frequencies of the electrical
dimensions of the arcs (tension, current, power,
conductance) as the melting cycle proceeds.

The purpose of this analysis 1s to control the development
of the foamed slag which 1s generated inside the furnace so
as to obtain 1improvements in the cycle 1n operational and
technological terms.

There 1s no reference to any control of the quantities of the
furnace to 1dentify the approximate instant when to increase

the delivery of power and take this power up to working
schedule.
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The present applicant has designed, tested and embodied
this invention to overcome the shortcomings of the state of
the art, which businessmen 1n the field have long complained
of, and to achieve further advantages.

SUMMARY OF THE INVENTION

The purpose of the mvention 1s to provide a method to
control the supply of electric power for electric arc furnaces
wherein 1t 1s possible to determine case by case the moment
in time, or the approximate moment 1n time with a pre-

defined safety margin, wherein 1t 1s possible to increase the
supply of electric power to the furnace without incurring any
risks of short circuits or of dangerous stresses on the
clectrodes or of radiance of the arc towards the side panels.

In other words, the mvention proposes to identify a
method whereby it 1s possible to 1dentify substantially in real
time, during the course of the first step of the melting cycle,
the cessation of the above-mentioned situations of risk, and
therefore to give the permission for the delivery of maxi-
mum power available according to the specific conditions
which occur 1n a specific situation.

This invention, therefore, reduces the duration of the low
power preliminary step which characterizes the melting
cycles 1n electric arc furnaces and therefore reduces the
overall times of the cycle, with consequent advantages 1n
terms of the number of cycles carried out 1n a defined period
of time and also in terms of energy saving.

According to the invention, the method controls and
analyses dynamically the evolution of the electrical quanti-
ties of the furnace as the melting cycle proceeds, and then
compares them with values relating to a model assumed as
a reference situation.

The reference situation 1s based for example on practical
experiments after a certain number of initial parameters have
been fixed, such as the size of the furnace, the melting
proiile, the type and form of the load etc., or otherwise it 1s
identified dynamically in the very first stages of the furnace
being activated; it makes it possible to achieve a model of
comparison wherein the transition zone, at which the furnace
passes from a situation of risk to a safe situation, 1s 1denti-

fied.

The transition zone 1s characterized by a specific devel-
opment of the electrical quantities, both 1n terms of time and
of harmonic content.

By dynamically monitoring the electrical quantities dur-
ing the course of the specific melting cycle, and by com-
paring them with the reference values of the said model, the
invention makes 1t possible to 1dentily, substantially in real
fime and 1n a sufficiently safe way, the moment when the
situation of risk ends; 1t also gives permission for the
delivery of maximum power to be reached 1n conditions of
substantially safety.

In this way, the invention makes 1t possible to pass to
maximum power as soon as possible and therefore 1t mini-
mises the overall times of the melting cycle, case by case and
in a dynamic and specialised manner.

BRIEF DESCRIPTION OF THE DRAWINGS

The attached Figures are given as a non-restrictive
example and show some preferential embodiments of the
invention as follows:

FIG. 1 shows a time/power graph of a standard melting,
cycle 1n an electric arc furnace;

FIGS. 2 and 3 show 1n diagram form the power supply
system respectively for an electric furnace fed with direct
current and for an electric furnace fed with alternating
current;
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FIG. 4 shows a block diagram of the method according to
the 1nvention.

DETAILED OF THE DRAWINGS

FIG. 1 shows a possible melting profile for an electric arc
furnace, 1n diagram form.

T, indicates the moment when melting starts, T, 1ndicates
the end of the pre-melting of the scrap, which 1s normally
carried out at low or medium power, T, indicates the end of
melting proper, which 1s carried out with the power at its
maximum available value, while T, indicates the end of the
refining step and therefore the end of the complete cycle.

The duration of the period between T, and T, that 1s the
period when the pre-melting of the scrap loaded 1nside the
furnace takes place and the furnace 1s fed with low or
medium power, 1s the period of time which the mvention
intends to reduce, bringing forward as much as possible the
moment when maximum power can be delivered and con-
sequently reducing the overall times of the cycle, with a
consequent saving of energy.

FIGS. 2 and 3 show two possible electric systems for the
controlled feed of, respectively, a furnace fed with direct
current (DC) and a furnace fed with alternating current
(AC).

In these figures, the parts which are common to both
furnaces have the same reference numbers.

The reference number 10 denotes the electric arc furnace,
inside which there 1s the upper electrode or electrodes 11; 1n
the case of a DC furnace, the lower electrodes 12 are situated
on the floor.

The upper electrode 11 1s controlled by a regulation
system 13, either hydraulic or electric, which regulates the
position 14 governed 1 feedback by the control unit 15
which manages the working of the furnace 10.

The electric power fed to the furnace 10 1s taken from the
medium tension supply network 16 and transformed by the
appropriate transformers, respectively 17a for the DC fur-

nace and 17b for the AC furnace.

In the case of the DC furnace, downstream from the
transformer 17a there 1s a regulation system 18 with thyris-
tor valves commanded by the control unit 15 by means of
which 1t 1s possible to control the profile of the power
supplied to the furnace 10 through the electrodes 11 and 12.

Each system with the thyristor valves 18 1s followed by a
relative inductor 19.

On the supply line, upstream and downstream of the
transformer, there are measuring assemblies 20 and 21
which send their signals to the control unit 15 1n order to
keep the electrical quantities of the furnace 10 under control.

In the case of the AC furnace, the imnductor 19 1s located
upstream of the transformer 175, while parallel to the supply
line there 1s a group of phase advancing condensers 22.

The mvention provides to keep a constant control of the
evolution of the electrical quantities, that 1s to say, the
tension and current, of the power fed to the furnace, 1n order
to verily, by using reference models obtained by experi-
ments or found dynamically 1n the 1nitial step of the cycle,
the moment when the situations of risk connected to the
initial step of the melting cycle can be considered to have
ended within a reasonable safety margin.

The method according to the invention provides to carry
out on the electrical quantities either a temporal analysis or
a spectral analysis or both, in order to obtain the parameters
which are to be used in comparison with the aforementioned
reference model.
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According to the invention, the temporal analysis pro-
vides to determine speciiic statistical parameters relating to
the development 1n time of the tension and/or the current of
the power supply to the furnace.

In one embodiment of the 1nvention, the statistical
parameter, calculated dynamically and compared with the
value of the reference model of the control unit 15, is the
variance, that i1s to say the square of the root deviation from
the average value, of the specific electrical quantity of the
furnace power supply, either the tension or the current.

When the variance of the signal analysed and controlled
assumes a value which, beyond a defined safety threshold,
can be compared with the specific value of the reference
model, this indicates that the situations of risk have ended
and permission can be given to increase the level of power
supplied to the furnace.

In a preferential embodiment of the invention, the average
variance of the electrical signal 1s calculated, used as a
control, n a first time interval following the start of the
cycle.

This time 1nterval can be, for example, between 30" and
1'.
This average value of variance, calculated over the first

interval after the furnace has been activated, 1s taken as a
reference parameter.

As the melting cycle proceeds, the average variance value
1s continuously up-dated using the sliding average
technique, keeping the interval of time on which the average
value 1s calculated constant.

In other words, to calculate the average value the new
instantaneous values, monitored continuously, are gradually
added one by one, and substitute the corresponding initial
values.

When the average variance value, continuously up-dated,
1s reduced to a value 1 the order of 60+70% with respect to
the same average value calculated during the start-of-cycle
interval, then permission 1s given to increase the delivery of
POWET.

In another embodiment, which may be an alternative to,
or combined with, the previous one, this control 1s carried
out by analysing the spectrum of frequencies of the quan-
fities of the power supply to the furnace, or by analysing
their harmonic content 1n order to obtain dynamic informa-
tion on the behaviour of the furnace.

In this case too, by continuously comparing the harmonic
content of the actual quantities of the power supply to the
furnace and the respectively values of the reference model,
it 1s possible to 1dentily the moment when the situations of
risk have ended, and therefore to give permission to 1ncrease
the power with safety.

In a preferential embodiment of the mnvention, in a deter-
mined initial interval, the averages of the amplitudes of a
certain number of even harmonics and a mating number of
odd harmonics are calculated.

In this case too, the interval of time can be, for example,
between 30" and 1'.

The ratio between the average value of the amplitudes of
the even harmonics and the average value of the amplitudes
of the odd harmonics 1s taken as a parameter of reference.

As the cycle proceeds, the averages of the amplitudes
calculated separately on the even and odd harmonics are
continuously up-dated with the above-mentioned sliding
average method, with a consequent up-dating of the relative
ratio.

When this ratio 1s reduced to value of about 60+70% with
respect to the 1nitial reference value, permission 1s given to
Increase the power.
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The block diagram shown 1 FIG. 4 schematically sum-
marises the above.

According to this diagram, there 1s a preliminary choice
of a reference model 23 according to the characteristics of
the electric arc turnace 10 and the power profile desired,
with a determination 24 of the parameters relating to the
zone of transition between a situation of risk and a situation
of non-risk.

The reference model 23 can be obtained experimentally
or, as seen above, 1t can be obtained dynamically when the
furnace 1s 1n the first stage of activation.

These parameters are memorised 1n a precise area of the
memory 1n the control unit 15.

On the other hand, once the melting cycle has been
started, there 1s the selection/combination 25 of the electrical
signals, such as the tension V or the current I, to be used in
the verification.

If analysis on a time basis 1s used, there 1s a procedure 26
to determine the statistical parameters, for example, the
variance, on which the comparison will be made.

If spectral analysis 1s used, there 1s first a transformation
27 of time/frequency, and then a procedure 28 to determine
the harmonic content of the transformed signal.

As we said before, both types of analysis can be used and
the results combined, for example for safety reasons.

When the values of the selected parameters have been
obtained, a comparison 29 i1s made with the values of the
reference model, after first determining 30 the threshold
values which have to be considered according to the desired
safety levels.

When the comparison indicates that there 1s no longer a
condition of risk of short circuits or stresses on the elec-
trodes 11, the control unit 15 can activate the selection 31 of
the next step of the power profile, that 1s, the delivery of
Mmaximuim POwEer.

This mtervention of the control unit 15, depending on the
type of furnace 10, acts either on the command of the
thyristor valves 32, or on the tap-changer 33 or on the
command to raise the electrodes 34.

Therefore, with this method, the delivery of maximum
power always takes place, and 1n a specialised manner
according to the type of furnace and to the melting
conditions, as soon as the conditions for doing so 1n safety
have been determined; this leads to a reduction of the overall

fimes of the cycle and to a considerable saving of energy.
I claim:

1. A melting cycle for an electric arc furnace, comprising:
loading scrap at a time T, into the furnace;

pre-melting the scrap with low and average power with a
duration of (T,-T),);
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controlling and analyzing electrical quanfities, tension
and current fed to the furnace and, based thereon,
identifying when situations of risk cease inside the
furnace; and then

melting the scrap at maximum power with a duration of
(T.-T,); and

refining with a duration of (T,-T,).

2. Method as 1 claim 1, the step of identifying when
situations of risk cease 1nside the furnace comprises com-
paring the development of characteristic parameters of the
clectrical quantities with reference parameters so as to

identify when situations of risk inside the furnace end.
3. Method as 1n claam 2, wherein the characteristic

parameters of the electrical quantities are of the temporal

type.
4. Method as 1n claim 3, wherein the characteristic

parameter which 1s compared with the reference values 1s
variance.

5. Method as 1n claim 4, wherein comparing the devel-
opment of characteristic parameters with reference param-
eters comprises calculating an average value of variance,
up-dated continuously as the melting cycle proceeds, over
an 1nterval of time of a determined amplitude, to obtain a
continuously up-dated average value, comparing the con-

tinuously up-dated average value with an average value of
variance calculated in the start-of-cycle interval which has
the determined amplitude and taken as a reference
parameter, and giving permission to increase delivery of
power to the furnace when the average value of variance has
been reduced to at least 60% with respect to the reference
parameter.

6. Method as 1n claim 5, wherein the interval of time has
a duration of between 30" and 1'.

7. Method as 1n claim 2, wherein the characteristic
parameters of the electrical quantities are harmonic contents
of the electrical quanftities.

8. Method as 1n claim 7, wherein comparing the devel-
opment of characteristic parameters with reference param-
eters comprises calculating separately average values of
amplitudes of a determined number of even harmonics and
odd harmonics over an initial interval of time of a deter-
mined amplitude, calculating a ratio between the average
values and taking the ratio as a parameter of reference,
continuously calculating this ratio as the melting cycle
proceeds and giving permission to increase delivery of
power to the furnace when the ratio 1s reduced to a value of
around 60% with respect to the reference parameter.

9. Method as 1n claim 8, wherein the interval of time has
a duration of between 30" and 1'.
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